Excitation of motoneurons by the Mauthner axon in goldfish: complexities in a "simple" reticulospinal pathway.
1. The Mauthner cell in fish and amphibians initiates an escape behavior that has served as a model system for studies of the reticulospinal control of movement. This behavior consists of a very rapid bend of the body and tail that is thought to arise from the monosynaptic excitation of large primary motoneurons by the Mauthner cell. Recent work suggests that the excitation of primary motoneurons might be more complex than a solely monosynaptic connection. To examine this possibility, I used intracellular recording and staining to study the excitation of primary motoneurons by the M cell. 2. Simultaneous intracellular recordings from the M axon and ipsilateral primary motoneurons show that firing the M cell leads to complex postsynaptic potentials (PSPs) in the motoneurons. These PSPs usually have three components: an early, small, slow depolarization (component 1), a later, large, fast depolarization (component 2), and an even later, large, long-lasting depolarization (component 3). The first component has a latency of 0.52 +/- 0.15 (SD) ms, (n = 27) and most probably is a monosynaptic input from the M cell. This study focused on the two subsequent, less-understood parts of the PSP. Motoneurons typically fire off the second part of the PSP. This is usually (27 of 33 cells) the largest component, and it has a mean amplitude of 6.24 +/- 3.33 (SD) mV (n = 33) and a half-decay time of 0.44 +/- 0.18 (SD) ms (n = 27). The mean amplitude of the third component is 3.20 +/- 1.7 (SD) mV (n = 35), and its half-decay is 6.73 +/- 2.66 (SD) ms (n = 35). The latency of the second component averages 0.66 +/- 0.21 (SD) ms (n = 32), indicating that there are few synapses in the pathway mediating it. 3. One candidate pathway for the second component of the PSP involves a class of descending interneurons (DIs) that are monosynaptically, chemically excited by the M cell and appear in light microscopy to contact motoneurons. Simultaneous intracellular recordings from the M axon, a DI, and a primary motoneuron show that the interneurons are electrotonically coupled to motoneurons and produce the fast, second component of the PSP. Direct excitation of an interneuron leads to a very short-latency (less than 0.2 ms), fast PSP in a motoneuron similar to the second component of the PSP produced by the M axon. The short latency and fatigue resistance of this connection indicate it is electrotonic, and this is supported by evidence for DC coupling between the two cells.(ABSTRACT TRUNCATED AT 400 WORDS)